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The bottleneck of the current knowledge in understanding the oil palm flower 
development in term of abnormalities and sex ratio is the low number of known flower 
genes available. The shortage of these genes is a serious constraint in studying the 
mechanisms regulating gene expression in flowers. Therefore, it is vital to obtain as 
much information as possible on the complexity and type of genes expressed in the oil 
palm floral organ. To dissect the molecular mechanisms underlying these development 
processes, a vast amount of genetic resources are required as markers that would enable a 
complete picture of the complex floral development processes in oil palm to be 
determined. In this study, expressed sequence tags (ESTs) were used as a genetic 
resource to facilitate the identification of new gene markers on a large-scale basis and 
also to provide information on gene expression patterns. 
To date, about 1 ,600 EST clones were isolated and sequenced usmg cold plaque 
screening method. Among the 1 ,600 ESTs generated from eDNA libraries of o{l palm 
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flowers, 266 independent clones with insert size of more than 500bp were subjected to 
reverse Northern analysis and this has resulted in classification into 5 major 
subpopulations (opff and opmj) based on the level and specificity of expression. 
Subpopulation A consisted of clones that were highly expressed in all the tissues 
( 4 1  %) whereas sUbpopulation B contained clones that were female predominant and 
expressed at medium levels (23.3%). Subpopulation C and D consisted of clones that 
were expressed at low levels predominantly in the flower ( 1 7.7%) and young leaf 
(6%), respectively. The last group, subpopulation E contained all the clones that 
showed no hybridization signals to all the tissues ( 1 2%). 
Further characterization of selected opff and opmJ clones by sequence analysis has 
revealed 3 major classes of ESTs. Class A consisted of sequences with similarity to 
known proteins in the database (56%) while class B showed sequences similar to 
proteins with unknown function (30%) and class C showed no sequence similarity to 
proteins in the database ( 1 4%). 
Two clones were selected among the cDNA clones identified that have sequence 
homology to known sequences in database to be further characterized. They were 
putatively known as Squamosa Promoter Binding Protein (OPSBP) and GA­
stimulated transcript 1 (OPGAST), respectively. OPSBP was found to be 
constitutively expressed throughout flower developement and was localized to bracts, 
rachis and carpels. On the other hand, OPGAST was found ubiquitously expressed in 
all flower tissues but the transcript levels were higher in the shoot apex. This study 
suggested that OPSBP appears to be up-regulated during early flower development. 
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Further characterization of these "clones by Southern genomic hybridization showed 
that OPSBP and OPGAST exist as a single copy gene and mUlti-copy genes, 
respectively, in the oil palm genome. 
In summary, the results indicate that the EST approach was efficient in identifying 
and isolating oil palm floral genes that range from those that are expressed at certain 
developmental stages to those that have undetectable expression throughout flower 
development. This achievement also demonstrated that genes isolated by cold plaque 
screening are not restricted to genes that are tissue specific or developmental stage 
specific but the technique also enables the isolation of genes that are generally 
expressed at low levels. " 
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Masalah semasa di dalam pemahaman perkembangan bunga kepala sawit dari segi 
kenormalan dan nisbah seks ialah bilangan gen bunga yang diketahui dan tersedia ada 
adalah sangat rendah. Kekurangan gen ini adalah penghalang utama untuk memahami 
mekanisma pengawalan ekspresi gen dalam pembungaan. Oleh kerana itu, maklumat 
mengenai jenis gen yang dizahirkari dalam organ bunga kelapa sawit perlu diketahui 
sebanyak yang mungkin. Untuk tnemahami mekanisma molekul dalam proses 
perkembangan bunga kelapa sawit selanjutnya, sumber bekalan genetik yang luas perlu 
dijadikan penanda untuk memberi satu gambaran lengkap tentang proses perkembangan 
bunga kelapa sawit yang komplek. Oleh itu, di dalam kaj ian ini tag pengekspresan 
jujukan (EST) digunakan sebagai suatu sumber bekalan genetik untuk memudahkan 
pengenalan penanda gen baru secara besaran dan j uga membekalkan maklumat berkaitan 
dengan corak ekspresi gen. 
Pada masa kini, lebih kurang 1,600 klon EST telah dipencil dan dijujuk dengan 
menggunakan cara penyalingan "cold plak". Di antara 1 ,600 klon EST yang terhasil 
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daripada koleksi cDNA bunga kelapa sawit, 266 klon individu dengan saiz sisipan 
cDNA melebihi 500bp telah dijalankan analisi Northern "berbalik" dan ini 
menghasilkan 5 kelas subpopulasi utama berdasarkan tahap dan kespesifikan ekspresi 
dalam tisu. Subpopulasi A terdiri daripada klon yang menunjukkan ekspresi tinggi 
dalam semua tisu (41 %), manakala subpopulasi B mengandungi klon yang menunjuk 
ekspresi sederhana pada bunga betina (23.3%). Subpopulasi C dan D masing-masing 
terdiri daripada klon yang menunjukkan ekspresi rendah dalam bunga betina dan daun 
muda. Kelas terakhir iaitu subpopulasi E mengandungi semua klon yang tidak 
menunjukkan sebarang isyarat penghibridan kepada semua tisu ( 1 2%). 
Klon opff dan opmJ yang terpilih untuk pencirian selanjutnya telah diketegori kepada 
3 kumpulan yang besar berdasarkan analisi penjujukan. Kategori A terdiri daripada 
jujukan yang sarna dengan protin yang terketahui dalam pengkalan data (56%) 
sementara kategori B menunjukkan jujukan sarna dengan protin yang tidak tahu 
fungsinya (30%) dan kategori C terdiri daripada jujukan yang tidak menunjukkan 
sebarang persamaan dengan protin dalarn pengkalan data ( 1 4%). 
Dua klon telah dipilih daripada cDNA klon yang mempunyai jujukan sarna dengan 
pengkalan data yang sedia ada. Mereka masing-masing dikenali sebagai SQUA 
Promoter Binding Protein (OPSBP) dan Giberelin Stimulated Transkript 1 
(OPGAST). Gen OPSBP menunjukkan ekspresi berterusan di sepanjang 
perkembangan bunga dan ia didapati di 'bract' ,  'rachis' dan 'carpel ' .  Manakala, gen 
OPGAST menunjukkan ekspresi yang sarna di semua tisu bung a dengan kadar yang 
lebih tinggi di puncak pucuk. Kajian ini mencadangkan OPSBP mUllgkin dikawal 
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pada peringkat awal perkembangan bunga. Pencirian selanjutnya klon-klon ini 
dengan cara pnghibridan genomik 'Southern' menunjukkan OPSBP dan OPGAST 
masing-masing muncul sebagai gen individu dan gen pelbagai salinan dalam genomik 
kelapa sawit. 
Sebagai rumusan, keputusan di atas menunjukkan pendekatan EST cekap dalam 
pengenalan dan pemencilan gen-gen bunga kelapa sawit termasuk gen-gen yang 
penzahirannya pada peringkat perkembangan bunga tertentu dan gen-gen yang 
penzahirannya tidak dapat dilces.an. Pencapaian ini juga menunjukkan gen yang 
terpencil dengan penyalingan 'cold plak' tidak saja terhad kepada gen tisu spesifik 
atau peringkat perkembangan spesifik, teknik ini juga membolehkan pemencilan gen 
yang menunjukkan ekspresi dalam kadar yang rendah. 
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Malaysia is the world's leading producer of palm oil. On the world scale of 
production, Malaysia has recorded the highest share of globally traded palm oil (Yap, 
1999). As demand for palm oil and oil palm seeds increase year to year, it is believed 
that the production of palm oil will reach up to 1 2. 1  million tonnes by the year 2020 
in Malaysia (Basiron et aI. , 1999). 
Since palm oil is of great economic value, a lot of emphasis has been placed 
on research in terms of quality improvement. Flowering is one of the areas of 
research interest. By controlling various aspects of oil palm flowering, it will be 
possible to improve the production of palm oil and oil palm seeds as flowering is an 
important introductory step to fruit formation. 
Flower development is determined by an interaction between both genetic and 
environmental factors, but primarily is under genetic control (Gasser el al. , 1989). 
The use of polyembryogenic cultures for generating uniform selected plantlets has 
been applied to reduce the variatioJ;1 that could come with seed planting of hybrid 
planting material. However, polyembryogenic cultures are known to result in the 
occurrence of abnormal flowering (Corley et al., 1986). These floral abnormalities 
can result in great crop losses whereby the abnormal fruits fail to ripen and often rot 
before oil synthesis occurs. However, little is known about the molecular biology of 
these abnormalities. 
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Various techniques and strategies have been used to understand oil palm 
flower development such as biochemistry, cytology and molecular biology (Shahrul, 
1998). However, the number of known oil palm flower specific genes are currently 
very low. This shortage of genes is a serious constraint to studying the mechanisms 
regulating gene expression in flowers. Therefore, expressed sequence tags (ESTs) 
were used as a genetic resource in this project to facilitate the identification of new 
gene markers on a large-scale basis and also to provide information on gene 
expression patterns. 
As the complete genome sequence of oil palm is unavailable, high-throughput 
EST generation combined with bioinformatics was used to rapidly discover and 
identify new gene sequences and their expression profiles. This information will 
provide essential resources for many biological studies, such as metabolic, 
development and signal tranduction. As a result, ESTs have emerged as a rapid way 
to establish an inventory of expressed genes by determining their sequences via single 
pass partial sequencing of randomly or selectively chosen cDNA clones (Adam et al., 
1991). 
To better understand floral development in terms of abnormalities and sex 
ratio, partial cDNA sequences have been used to obtain as much information as 
possible on the complexity and type of genes expressed in oil palm floral organs. 
Thus, the objectives of this study were to isolate low abundance genes from cDNA 
libraries of oil palm flowers using a cold plaques screening method and to further 
identify and characterize these clones in term of tissue specificity. Partial cDNA 
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sequencing was used to obtain 1,600 ESTs from the cDNA libraries of oil palm 
flowers. These clones included 1,100 from a female flower library and 500 from a 
male flower library. Two cDNA clones were selected for further analysis and their 
expression patterns during oil palm floral development were characterized. These 
clones were selected based on the possibility that they are involved in the regulation 
of flower initiation and development. They are Squamosa Promoter Binding Protein 
(SBP: Klein et ai. , 1996) and GA-stimulated transcript 1 (GAST1: Shi et ai., 1992). 
Northern and Southern analysis were performed to study their temporal and spatial 
expression pattern during flower development as well as the gene family copy number 
in the oil palm genome. 
This study examined the potential and efficiency of an EST approach at 
identifying new genes isolated with the cold plaque screening method as a means to 
isolate low abundance cDNA clones from an oil palm flower cDNA library. It is 
hoped that this preliminary study will provide some valuable resources for the 
annotation of an oil palm database of sequences that may be used to facilitate the 
study of oil palm flower development in the future. 
